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INTRODUCTION 
Ultrasonic flaw sLzLng based on signal analysis and 
classification techniques was applied to linear welding 
flaws of sizes ranging from lmm to 3mm generated under 
controlled laboratory conditions. Over 400 ultrasonic 
signals were captured digitally at various positions along 
these linear flaws and analyzed by an advanced pattern 
recognition package with regard to flaw sizes. Very 
encouraging results were observed and in some cases 100% 
correct flaw sizing performance has been achieved. 
BACKGROUND 
With the rapid increase in computational power, highly 
automated, computer-based systems are appearing in the field 
of ultrasonic inspection of plates, billets, forging pipes, 
tubing and welded joints. Recently the demand for increased 
material performance has led to greater requirements for 
more detailed information about nondestructively detected 
defects. There are many cases where precise flaw location 
is not sufficient; defect size, shape, orientation and 
composition should be determined so that the effects of the 
flaw on material properties can be estimated. For very 
large defects, some of these characteristics can be measured 
or estimated by transducer scanning; however, for smaller, 
but still important defects, less direct methods of flaw 
characterization are required. Signal processing and 
pattern recognition techniques applied to ultrasonic signals 
have emerged as a means of accomplishing flaw character-
ization. Methods such as signal averaging, filtering and 
correlation have been used to extract weak signals from 
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incoherent noise; deconvolution has been applied to improve 
system resolution; deconvolution and spectral analysis have 
been used together to elicit flaw characterization inform-
ation from ultrasonic echoes, and pattern recognition 
techniques are applied to distinguish among the family of 
flaws by utilizing the characterization information. A 
number of general applications of signal processing to 
ultrasonic non-destructive evaluation has been reported by 
Erikson et ale (1), Kennedy and Woodmansee (Z), and Rose and 
Meyer (3,4). Pattern recognition techniques for classific-
ation of ultrasonic and similar categories of signal have 
been successfully applied by us (5-9). An exhaustive survey 
of ultrasonic signal applications, techniques and instru-
ments has been compiled by Silvus (10). 
Recent approaches to the flaw classification problem which 
are specifically based on signal analysis of amplitude-time, 
frequency or phase profiles have proven useful in a few 
applications discussed above. Generally the signal approach 
is tedious, time consuming, and undependable (5). Signal 
processing techniques combined with pattern recognition 
techniques, however, have shown great potential in flaw 
analysis. 
Generally, a pattern recognition system goes through a 
learning stage, in which a set of decision rules is devel-
oped. Parameters which can be used to distinguish signals 
from known reference samples are identified. Many research-
ers are addressing the problem of how to adequately deter-
mine the important parameters of an ultrasonic instrument-
ation system. It is not necessary to go into the detail of 
how each of the parameters should be measured. It is more 
important to examine the methods for measuring parameters 
in terms of the objectives of the measurement. A number of 
such parameters are listed in (11). The parameters selected 
are described later. Based on the parameters chosen, a 
number of decision rules can be set up, and the system 
trained on them. The system is said to be "trained" when it 
can use the decision rules to identify an input signal. To 
test the performance of the trained system, sample signals 
not used during the training process are presented to the 
system, which attempts to identify the class to which each 
unknown signal belongs. Successful identification of input 
signals is a good indication of a properly trained system. 
In this paper, a more challenging problem has been attempt~: 
to apply pattern recognition techniques to size weld defects 
of the same origin with resolution in the lmm range. 
THE EXPERIMENT 
Linear welding flaws were generated by welding two 5" x 9" 
A-36 mild steel plates with 1/2" thickness side by side from 
both surfaces as depicited in Figure 1. 
Flaws with sizes ranging from lmm to 3mm were generated 
intentionally near the center of the weldment. A total of 
four samples were prepared for this study (Table 1). These 
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Figure 1 
Table 1 
DIMENSIONS DEFECT 
SAMPLE SIZE 
a b c 
1 10 " 5 " 1/ 2 " 3 mm 
2 10" 9" 1/ 2 " 2 mm 
3 10" 9" 1/2 " 3 mm 
4 '0· 9" 1/2 " I mm 
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Table 2 
HEIGHT above ANGLE of 
the sample incidence 
30 mm 18.90 
FLAT TRANSDUCER 22 mm 232° 
22 mm 262° 
80 mm 1 8 gO 
30 mm 232° 
FOCUSED TRANSDUCER 
75 m 232° 
70 mm 262° 
samples were then presented to an ultrasonic inspection 
facility at the National Research Council of Canada -
Industrial Material Res~arch Institute. An immersion pulse-
echo method was used to capture signals at various postions 
aiong these linear welding flaws. The sample was placed in 
a water tank and a computer controlled robot arm was used to 
position the transducer at the proper position with pre-
determined height and incidence angle with respect to the 
flaws (Table 2). Two types of transducers were used in 
this study, an ULTRAN/L-50-5 flat transducer with nominal 
frequency of 6.6 MHz and an ULTRAN/L-50-5-P4 focused trans-
ducer with nominal frequency of 5.0 MHz. The sample was 
pulsed by a METROTEK MP215 pulser with maximum amplitude and 
damping and received by a METROTEK MR10l receiver with fil-
ter setting of 0.5 MHz. This received signal was then digit-
ized through a TEKTRONIX 7854 digital scope with a sampling 
speed of 100 MHZ using equivalent time sampling. A total of 
512 data points were gather2d per signal. This signal was 
then transferred to external storage device for further 
analysis. 425 signals were gathered and Table 3 summarizes 
the distribution of these signals with regard to the defect 
size and test sample geometry. 
ANALYSIS OVERVIEW 
The ultrasonic signals were analyzed using an advanced 
signal processing and classification package - SCANS (System 
for Classification and Analysis of Non-destructive-testing 
Signals). The SCANS system has already been demonstrat~d to 
be capable of identifying signals from different types of 
flaws (6,8). For this study, we apply SCANS to different-
iate signals originating from the same type of flaw, but 
with different flaw sizes. It is quite a subtle analysis 
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Table 3 
T SPECIMEN Y INCIDENCE HEIGHT 
P 1 2 3 4 E 
8 20 12 20 18.9° 80 mm F 
0 
C 8 12 12 12 23.2° 30 mm 
U 
23.2° S 8 20 12 20 75 mm 
E 
D 8 20 12 20 26.2° 70 mm 
F 8 12 12 12 18.9° 30 mm 
L 
A 8 12 12 12 23.2° 22 mm 
T 
8 12 12 12 26.2° 22 mm 
because these signals bear very similar information. Before 
pattern recognition techniques can be applied, the original 
digitized signal must be transformed into a list of descrip-
tors or "features". For successful classification to take 
place, these features should bear pertinent information 
either explicitly or implicitly related to the physical 
phenomena distinguishing the classes of defect to be recogn-
ized. Since there is no a priori knowledge of the best 
descriptors to use with regard to our problem, many types of 
waveform parameters derived from the original signal are 
used in this study. A total of 87 features are available 
for this analysis including features in the time domain, 
pulse shape information, power distribution in the frequency 
domain, auto correlation and cepstral information (Table 4). 
The 425 signals collected for this test are grouped accord-
ing to their defect size and geometry, and they are further 
divided into two sets, one set of signals is used to train 
the SCANS classifier to recognize the signals based on their 
defect sizes and the other set is used to verify the perfor-
mance of this classifier. 
A series of tests are designed to explore the feasibility of 
using pattern recognition techniques to size weld defects 
with very fine resolutions (around lmm). 
As mentioned in the previous section, the experiment 
involves the collection of immersion pulse/echo ultrasonic 
signals. The pulser is held at a controlled height and 
angle with respect to the sample defect and, for greatest 
success in sizing the flaws, these two parameters should be 
held constant throughout training and testing. In applica-
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Table 4 
FEATURE SET MAKE-UP 
General Shape Power Total 
Domain Distribution 
Features Features Features Features 
Time 6 30 0 36 
Power 3 6 8 17 
1---. 
Cep~trurn 3 6 8 17 
Autocorrelation 1 3 6 8 17 
Total 
Features 15 48 24 87 
tions, however, the height and incidence angle may fluctuate 
to some degree, so besides testing sizing performance under 
ideal conditions, problems designed to determine the immun-
ity to these types of positioning errors are included. This 
immunity is examined through two types of test. In one, 
various heights or incidence angles are grouped together as 
a single class during testing and training. In the other, 
training is conducted at a fixed height or angle, but test-
ing is done at different values from those used in training. 
Finally, to determine that the flaw size is being recog-
nized, as opposed to other characteristics of the specimen, 
problems are included in which the classifier is trained to 
distinguish between different-sized defects in one pair of 
samples, and then tested on a different pair of samples 
containing the same sized defects. 
PROBLEMS 
The experimental problems are outlined in the following 
paragraphs and the corresponding results are summarized in 
Table 5 and Table 6. 
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Table 5 
PROBLEM 1 
189· -.--~ .- 263· 
-----
i 
lmm vs2mm 9167 8333 9167 
-- r----------
lmm vs3mm 10000 9167 9167 
9167 
--c--
2mmvs3mm 7500 _1.. 8333 j 
PROBLEM 2 
. ----,--._---
189· 232 263· 
lmmvs3mm 10000 8000 8000 
--
2mmvs 3mm 10000 8000 8000 
PROBLEM 3 
TRAINED ON 18 9·, TESTED ON 23 2· INCIDENCE 
--
lmm vs 2mm 8750 
-
lmmvs 3mm 7500 
2mmvs3mrn 6200 
PROBLEM 4 
lmmvs2mm 7778 
lmmvs3mm 9500 
2mmvs3mm 7222 
Table 6 
PROBLEM 5 
189· 23.2"<30mm} 23 2°(75mm} I 263° I 
If--lm-m-V-S-2-m-n-, ---+--9='00-:-0::-0---+.---"83"-'-=33 80 00 I _~~[ 
lmmvs 3mm 9375 9167 9375 9375 I ~=:=~=~=V-v-:=-:~~~~~~====~===,:=o-l=:=:===~=P~R~O~:~:~:~:~6~_._-+----,i_._:_:-_:_:_-_-__ ~:~:: I 
2mmvs3mm 7857 7000 8333 7143 
f-"====----L------'--P-R-O-B-L-E-M-7----L------ -- --I 
TRAINED ON 18 9°(80mm},TESTED ON 232°(_75_m_m_} ___ . ___________ _ 
lmm vs 2mm 8000 
lmmvs 3mm 9062 
1-=2~m~m~vs~3~n~'m~ ________ ._ .. _J. ___ 8_4_3_7 ____ L. ______________ ~ 
~----.--------~P~R~O~B~LE~M~8~---~-----... ---------
I------'-'~-"=--=-c:..:c..'_T"-.:.C=-'--''-'-'-=-''-'-'-F''-'-'-'-'-''-'--·-·-
lmmvs 2mm 7500 
~1"r~I _________ --.-l 8333 ____________ _ 
r------------- PROBLEM 9 __ 
lmmvs2mm ____ _ =+ 8056 + ________ ~ __  
:::::::: ---~ ~~-~-~-j- :~~~=.---j ~~~~-~=~-~=--=-
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PROBLEMS 1 - 4: FLAT TRANSDUCER 
Problem 1: Flaw sizing from a fixed angle 
The classifier was trained to distinguish between flaws of 
[lmm and 2mm], [lmm and 3mm], and [2mm and 3mm] width. The 
data presented to the classifier was obtained at a fixed 
height and incidence angle of the incident ultrasonic 
transducer with respect to the sample. 
The fixed incidence angles used were 18. 9~ 23. t, and 26.2° 
in the water and corresponding to 45.0~ 60.00 and 75.0° inside 
the test specimens. 
Problem 2: Flaw sizing from a constant angle, trained on 
one specimen and tested on a second specimen. 
Two specimens containing 3mm flaws were available, one 10" x 
5" x 1/2", and the other 10" x 9" x 1/2". 
The classifier was trained to distinguish between flaws of 
[lmm and 3mm], and [2mm and 3mm] on data obtained from the 
first 3mm defect specimen. The trained classifier was then 
tested on the same flaw sizes, but using data from the 
second 3mm defect specimen. 
Again, incidence angles were fixed, and the problem was 
conducted at angles of 18.9° , 23.t and 26.2° . 
Problem 3: Train on one angle and test on a different angle. 
The classifier was trained to distinguish between flaws 
sized ~mm and 2mm], [lmm and 3mm], and [2mm and 3mm]. 
The training data for both flaw sizes was obtained at an 
incidence angle of 18.9°. The classifier was tested on data 
obtained from the same flaws at an incidence angle of 23.2~ 
Problem 4: Flaw sizing: Train and test using mixed 
incidence angles, i.e. independant of incidence 
angle. 
The classifier was trained and tested to distinguish between 
flaws of [lmm and 2mm], [lmm and 3mm], [2mm and 3mm] on 
independent sets of data combining all the incidence angles 
available. (18.9°, 23.2°, 26.2°). 
PROBLEMS 5 - 9: FOCUSED TRANSDUCER 
Problems 5,6,7, and 9 : 
These problems for the FOCUSED transducer correspond to 
Problems 1,2,3, and 4 for the FLAT transducer. 
The incidence angles are identical in both cases, with the 
following addition: As well as including the transducer 
positions 18.9° at 80mm height, 23.2° at 30mm height, and 
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26.2° at 70mm height, data was also available at 23.~ at 
75mm height. Therefore, for the focused transducer, more 
results are presented for problems 5 and 6 than for problems 
1 and 2, corresponding to this extra group of data. 
This extra group of data also allows the addition of another 
problem: Problem 8, in which the angle of the transducer 
remains constant through training and testing, while the 
height changes. 
The classifier was trained to distinguish between flaws of 
[imm and 2mm] , [imm and 3mm] , and [2mm and 3mm] for 
transducer position of 23.2° incidence angle and 30mm 
height. 
The focused transducer experiments are summarized below. 
Problem 5: Flaw sizing from a constant angle. 
Problem 6: Flaw s~z~ng from a constant angle: Train on one 
and test on a different sample. 
Problem 7: Flaw sizing: Train on one angle and test on 
another. 
Problem 8: Flaw sizing: Train on one height and test on 
a different height. 
Problem 9: Flaw sizing: Train and test using mixed angles 
i.e. independent of incidence angle. 
INTERPRETATION OF RESULTS 
Based upon the result of the analysis, the following has 
been observed: 
1. There is no significant effect on the flaw s~z~ng results 
due to transducer type differences. As shown in Table 5 
and 6, both experiments show high consistency in sizing 
flaw when all other controllable parameters are kept 
constant. 
2. Very encouraging recognition rates (over 90%) have been 
achieved to size flaws with 2mm resolution and the per-
centage goes down to a mid 80% when the resolution is 
increased to imm. This phenomenon can be accounted by 
the fact that although the simulated defects were gener-
ated under very carefully controlled environment to 
ensure that the flaw sizes were uniform and close to the 
decimal values, there remains some as yet uncharacterized 
scatter in flaw size which will contribute to the uncer-
tainty in recognition. 
3. The height and incidence angle from which the ultrasonic 
signals were gathered show significant effect on the siz-
ing preformance and it usually reduces the recognition 
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rate between 10 to 15%. However, a classifier trained on 
one specimen will perform well when applied to size flaws 
from a different specimen even if the geometry of the 
specimen is different. as long as the signal is gathered 
with the same height and incidence angle as used in the 
training specimen. 
CONCLUSION 
The results of this study suggest advanced pattern recog-
nition techniques can be applied to sizing flaws with very 
high consistency. The recognition results presented could 
further be enhanced by optimizing the set of features used 
for classification. Such optimization was not attempted in 
this study. 
The external unknowns that affect the recognition results 
are those governed by how the data are gathered, such as 
incidence angle and height, but not those inhe~ent with the 
specimen being tested, such as geometry. However the trans-
ducer type differences show no significant effect on the 
sizing result provided the transducer type used in both 
training and testing signal collection are the same. This 
implies a flaw detection and sizing system can be trained 
using a known defect and later applied to recognize unknown 
flaws from a totally different specimen without loss of 
generality. 
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